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Figure 4.—Measured test data (EJ-309 HV detector) prior to
unfolding (beam 2.9 MeV, 15 mA, 6 h). (a) PSD plot for TS1576
utilizing the 8c constraint window used to ensure separation of
neutrons from y rays. (b) Detector-measured counts for TS1576
(ErDs) and TS589 (Er-bare) versus energy (50-keVee bins);

(c) Comparison of measured net counts for ErD3 with two
detector simulations for a source of monochromatic neutrons
with energies (E,) of 2.45 MeV and 4 MeV.

NASA/TP-20205001616

measured counts. For reference purposes, the simulation results
were scaled as follows: 2.45 MeV spectrum per neutron was
scaled up by 17,000 and the 4 MeV neutron spectrum was
scaled up by 6,000 to roughly match the area under the
experimental curves. It is noted that the shape of the curve
forErD; in the 0 to 800 keVee range bears significant
resemblance to that in Reference 30, where a similar
scintillator/PSD approach was used to measure neutron
energies for a 35-DD-W-S NSD/Gradel-Fusion d-D fusion
neutron generator.

33 Neutron Spectra and Process
Reproducibility

Utilizing the methods for the detector modeling and neutron
energy unfolding mentioned earlier, the net (fueled minus
unfueled) PSD data were converted into neutron spectra.
Figure 5 presents data showing neutron spectra measured for
the 6-h aggregate data for two separate ErD; test samples,
Figure 5(a) for TS1575 and Figure 5(b) for TS1576, both
corrected for background and unfueled exposure. The
HEBROW unfolding algorithm incorporates the intrinsic
detector efficiency. The unfolded neutron spectra show a
number of interesting features, including several primary
neutron energy peaks of 2.45, 4, and (to a lesser degree) 5 MeV,
and an apparent shoulder peak at 4.2 MeV. The measured
neutron energies were remarkably close, indicating process
reproducibility. Figure 5(c) shows the neutron spectra for
TS1575 measured using the solid-state stilbene detector,
showing the nominal 2.45-MeV fusion neutron peak, which
was in the calibrated range of the detector. The higher-energy
peaks occur in the nonlinear range of the detector and are not
presented here.

34 Alternate Material Exposure: Titanium
Deuteride

Figure 6 shows the neutron spectra for TiD; using the EJ-309
detector for the net fueled (TS610 to 612) minus unfueled
(TS631) PSD data. The unfolded neutron spectra show a
number of interesting features, including several primary
neutron energy peaks of 2.45 MeV (fusion energy), 4 MeV, and
(to a lesser degree) 5 MeV, and an apparent shoulder peak
4.2 MeV. It is noted that the fluence of the fusion-energy
neutron peak (=2.45 MeV) is approximately 30 percent higher
for the TiD» than for the ErDs;, accounting for the exposure
times. Fusion energy neutron counts are scaled to sample
location 1.8x10° neutron counts per second using EJ-309.
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Figure 7.—Comparison of neutron spectra from (a) current
work bremsstrahlung radiation of deuterated samples
(TS1575 6 h exposure) and (b) inertial confinement fusion
aggregation of nine shots, TOF detectors on-axis (Ref. 31).
Original content from Reference 31 IOP work may be used
under the terms of the Creative Commons Attribution 3.0
license. Any further distribution of this work must maintain
attribution to the author(s) and the title of the work, journal
citation and DOI.

Neutron energy, MeV

4.2  Comparison of Current Deuteron Heating

to Published Work

Mori et al. (Ref. 31) conducted direct-drive inertial
confinement fusion (ICF) experiments with deuterated
polystyrene spheres. Using a three-step pulse, Mori observed
that deuteron heating had occurred. Detailed time-of-flight
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neutron measurements along the axis (0°) and off-axis (90°)
indicated both fusion energies (90°) and neutrons having
greater than fusion energy. Figure 7 compares neutron spectra
from the current work (Figure 7(a)) to Mori’s on-axis (0°)
results (Figure 7(b)) where he claims deuteron heating
occurred, resulting in higher-energy neutrons. Although Mori
does not highlight it, there is evidence of 2.45-MeV neutrons
even on the on-axis case. Similarly, the peak at 1.8 MeV
attributed by Mori to '2C(d, n)"*N may include neutrons that
have cooled by deuteron heating.

One can see there is some evidence in both plots of neutrons
in the 4 MeV range. In Reference 31, the nominal 4-MeV peak
shows a relatively broad base and seems to be consistent with
boosted neutrons resulting from deuteron heating with energy
ranges consistent with those in Table IV. However, note that the
4-MeV peak in Figure 7(a) rises very sharply, which suggests
that there is a primary reaction, such as screened Oppenheimer-
Phillips stripping processes, consistent with the candidate
reactions in Table VI.

4.3 Comparison of Measured and Theoretical
Calculations
4.3.1 d-D Fusion Rates, Calculation

The methods outlined in Pines et al. (Ref. 12) were used to
determine an estimate of the d-D fusion rates for the following
conditions: 2.9-MeV beam energy and 450-pA current for each
of the 16 vials. The calculations were performed in
Mathematica (Ref. 32) using the following steps: (i) calculation
of the bremsstrahlung spectrum from 0 to 2.9 MeV, using the
five-term B function approximation with a 2.9-MeV endpoint
(see Figure 3 for spectra); (ii) calculation of the photoneutron
energy spectra; (iii) determination of the resulting deuteron
energy spectra (from these calculations note the average
photoneutron energy of 145 keV and average hot deuteron
energy of 64 keV); and (iv) determination of the number of d-
D reactions per second per vial, utilizing shell and plasma
screening. Of the total number of d-D reactions per second, half
would have created neutrons via 2H(d, n)*He, and the other half
would have created protons via H(d, p)*H. Both shell and
plasma screening (with screening length Ay = 4.16x107'% ¢cm)
were used to calculate a total reaction rate for all 16 samples of
1.2x103 neutrons/s.

4.3.2

Fusion energy neutron counts scaled to the sample location
were determined to be 1.5+0.3x10° neutrons/s for TS1575 and
1.6+0.3x10% neutrons/s for TS1576 via the EJ-309 detector,
showing process reproducibility. These values were obtained
by scaling the neutron counts integrated in the fusion energy

d-D Reaction Rates, Experimental
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